Introduction
Adenocarcinomas of various organs sometimes produce a mucinous component, and this is also observed in gastrointestinal tract cancers. Mucinous adenocarcinoma occurs more frequently in the colorectum than in the stomach. Therefore, there are many reports of mucinous adenocarcinoma of the colorectum [1] [2] [3] [4] . These reports indicate that the frequency of mucinous adenocarcinoma of the colorectum is 5.7%-11.7% of colorectal cancers, with histopathologic features such as larger tumor size, deep invasion, and poor prognosis. However, mucinous adenocarcinoma of the stomach (MUC) is a very rarely found histologic type (2.4%-4.9%) of gastric cancer [5] [6] [7] [8] [9] [10] [11] [12] . Therefore, there are few reports on MUC and little is clear about its clinicopathologic characteristics and prognosis.
To clarify the features of MUC, we conducted a retrospective investigation comparing MUC with nonmucinous gastric adenocarcinoma (NMUC).
Patients and methods
The subjects were 4272 patients who had undergone surgery at the Department of Surgery, JA Sapporo Kosei Hospital, from January 1970 to December 1998. Of these 4272 patients, 112 were classified as having as MUC (i.e., the tumors histologically showed 50% or more mucin pools). We examined the patients' ages; sex; tumor location, diameter, and depth of invasion; lymph node metastasis; lymphatic or venous permeation; peritoneal dissemination; liver metastasis; and survival rates. To determine the relationship between cancer depth and lymph node metastasis, we examined the frequency of lymph node metastasis in patients showing various degrees of cancer depth. Staging and the histological typing were classified according to the Japanese classification of gastric carcinoma proposed Abstract Background. Mucinous adenocarcinoma of the stomach is a rare histologic type of gastric adenocarcinoma and its features are still controversial. We attempted to clarify the clinicopathologic characteristics of this histologic type. Methods. We reviewed the records of 112 patients with mucinous adenocarcinoma of the stomach (MUC) and 4160 patients with nonmucinous gastric adenocarcinoma (NMUC) for factors including age; sex; tumor location, size, and depth; lymph node metastasis; lymphatic or venous permeation; peritoneal dissemination; liver metastasis; and survival rate. We also investigated the relationship between cancer depth and lymph node metastasis. Statistical analysis included 2 and Student's t-tests. Survival rates were calculated by the KaplanMeier method and analyzed by the log rank test. Results. MUC was found mostly in younger patients, in the lower part of the stomach and was of larger size, invading to or beyond the muscularis propria, positive for lymph node involvement, and associated with peritoneal dissemination. The overall 5-year survival rate in patients with MUC was lower than that in NMUC patients, because the MUC patients more frequently had advanced stage disease; however, the survival rates in the two groups did not differ significantly. As for the relationship between cancer depth and lymph node involvement, the frequency of lymph node metastasis increased when invasion reached the submucosa in patients with MUC compared with those with NMUC while the frequency of lymph node metastasis increased in the muscularis propria in patients with NMUC compared with those with NMUC. Conclusion. MUC was characteristically found in younger patients, at lower sites, at an advanced stage, and with peritoneal dissemination; MUC had a poor prognosis. Lymph node metastasis should be suspected when MUC invades to the submucosa or deeper.
by the Japanese Research Society for Gastric Cancer [13] .
Statistical analysis was carried out using 2 and Student's t-tests. Survival rates were calculated by the Kaplan-Meier method and analyzed by log rank test. Differences were considered significant when the P value was less than 0.05.
Results

Clinicopathologic factors
Of the 4272 patients, 112 had MUC (2.6%), the lowest proportion of the common types of gastric cancer (Table 1) . MUC patients were younger than NMUC patients, and MUC tumors were in a lower stomach location and had a larger size than NMUC tumors. Histologically, MUC showed deeper invasion to the gastric wall, as well as higher frequencies of lymph node metastasis, lymphatic and venous permeation, and peritoneal dissemination (Table 2) . No significant differences were seen between the MUC and NMUC groups in sex distribution or synchronous liver metastasis.
Survival
The overall survival rate (1 patient was lost to follow-up in the MUC group and 25 were lost to follow-up in the NMUC group) was significantly lower in MUC than in NMUC patients (P Ͻ 0.05); the 5-year survival rate was 64.7% in MUC patients and 75.6% in NMUC patients (Fig. 1) . However, when the patients were stratified according to stage there was no significant difference in survival rate at each stage between the two groups (in 61 NMUC patients, stage was not known) (Fig. 2) . As for the relationship between cancer depth and lymph node metastasis, the frequency of metastasis increased as the cancer invaded to the submucosa in MUC patients, compared with NMUC patients (P Ͻ 0.05), while, in NMUC patients, the frequency of lymph node metastasis increased as the cancer invaded to the muscularis propria compared with MUC patients (Fig.  3) .
Discussion
MUC is, reportedly a rare histologic type (2.4%-4.9%) of gastric cancer [5] [6] [7] [8] [9] [10] [11] [12] , and its clinicopathologic features and prognosis have not yet been fully clarified. In Fig. 3 . Cancer depth and lymph node metastasis of mucinous adenocarcinoma (MUC; black bars) and nonmucinous adenocarcinoma (NMUC; stippled bars). m, Mucosa or muscularis mucosa; sm, submucosa; mp, muscularis propria; ss, subserosa; se, penetration of serosa; si, invasion of adjacent structures this study, we investigated 112 MUC patients, perhaps the largest number of test patients reported in 15 years, and we presume that this resulted in some clarification of MUC characteristics.
Fig. 2. Survival curves according to stage in patients with mucinous adenocarcinoma (MUC) and nonmucinous adenocarcinoma (NMUC). NS, not significant
Compared with NMUC, MUC clinicopathologic features are reported to include: larger size [6, 7, 9, 12] ; deeper invasion (advanced stage in 88.5%-94.8% of the patients) [5] [6] [7] 9] ; higher rate of lymph node metastasis (80.3%-82.0%) [9, 10, 12] ; and higher rate of peritoneal dissemination (19.7%-21%) [9, 10] , features that correspond to the results of our present study. But other clinicopathologic factors are still controversial. The mean age of MUC patients has been reported as 51.6-63.2 years [5] [6] [7] [8] [9] [10] [11] [12] . We and other investigators [7, 8] have reported that MUC is frequently observed in younger patients, however, some reports show no significant differences in MUC incidence by age [5, 6, 8, 9, 12] . Although most MUC is reported to be located in the lower third of the stomach [6, 7] , other reports show no difference in tumor location [5, 8, 10] . Very few reports show lymphatic and venous permeation of MUC. Adachi et al. [8] examined 42 patients with MUC and 73 control patients with NMUC. They reported that lymphatic permeation was observed more often in MUC than in NMUC patients (83% vs 66%), but that the rate of venous permeation was not significantly different between the two groups (12% vs 23%). However, the results of our present study showed that both lymphatic and venous permeation were more frequent in MUC than in NMUC patients. Kawamura et al. [9] investigated 61 MUC patients and 748 patients with NMUC and reported a lower rate of liver metastasis in MUC than in NMUC patients (1.6% vs 4.5%). However, we found no significant differences in liver metastasis rates between MUC and NMUC patients.
In regard to prognosis, the reported 5-year survival rates of MUC patients in various studies range from 18.0 to 45.1%. There are two opinions regarding their prognosis; one opinion indicates no prognostic differences between MUC and NMUC patients (e.g., as shown by Sassa and Kino [5] and Adachi et al. [8] ). On the other hand, Takeshita et al. [7] , Koufuji et al. [10] , and Wu et al. [12] reported that MUC patients showed poorer prognosis than NMUC patients. The results of our present study indicated significantly poorer prognosis in MUC than in NMUC patients. This is, possibly, because no prognostic difference was seen in patients at each stage, suggesting that MUC patients are likely to have advanced cancer. Sassa and Kino [5] reported a relationship between cancer depth and lymph node metastasis in MUC, showing that the frequency of lymph node metastasis according to cancer depth was 33.3% for sm; 55.6% for mp; 66.7% for ss; and 73.6% for se. Yamagiwa [6] reported a frequency of lymph node metastasis of 13% for sm; 36% for mp; and 70% for ss or beyond. We compared rates of lymph node metastasis in MUC and NMUC patients according to cancer depth. The results showed that, in MUC patients, lymph node metastasis was more frequently seen in patients with a cancer depth of sm or more.
In conclusion, although many of MUC are still unclear, we found that this carcinoma, compared with NMUC, appeared to have the following aspects characteristics: (1) more frequent occurrence in younger patients; tumor location at a lower site in the stomach; larger tumor diameter; deeper cancer depth; higher incidence of lymph node metastasis, lymphatic and venous permeation, and peritoneal dissemination; and poorer prognosis. (2) The prognosis of MUC is poor because most of the MUC is advanced. (3) There is a possibility of lymph node metastasis in patients with a cancer depth of sm or more, and great attention should be paid to this.
